The objective of this study was to analyze the waste management in a maintenance workshop for heavy vehicles. To achieve this, purpose a study in the state of São Paulo -Brazil was conducted in a maintenance workshop for heavy vehicles providing services for the major plants of this sector in the region. Data were collected over a period of 18 months, using the Wuppertal method to measure the environmental gains. It was observed that more than 245 tons of abiotic materials are no longer generated by the practice of reuse in the steel production chain. Moreover, 2,000 tons of water and 20 tons of air no longer were used to process the same steel amount that is sent for reuse in the production chain.
Introduction
The occurrence of environmental accidents like the explosion of a nuclear reactor at Chernobyl in the Soviet Union in 1986; the oil spill in 1990 from the oil tanker Exxon Valdez, among other episodes, forced companies to shoulder high costs in damages, environmental recovery, damage control, in addition to the negative image generated by the environmental damage. In response, companies with pollution potential began to develop and implement environmental management in order to contribute to reduce the risk of environmental incidents and accidents without reducing their competitiveness (Barata, 2007) .
According to the Ministry of the Environment (2015) after the approval of the National Policy for Solid Waste in August 2010, the society as a whole has become responsible for the environmentally adequate management of solid waste. If managed properly, it acquires commercial value and can be used in the form of new raw materials or new inputs. The implementation of a management plan will result positively in the social, environmental, and economic scope, as well as reducing the consumption of natural resources, providing new markets, generating labor, employment and income, and decreasing the environmental impacts caused by improper disposal of residues.
The activities carried out by maintenance companies related to the automotive sector, generate different types of solid waste and effluents. Thus, for the disposal be suitable for new destinations appropriate treatment which does not cause damage to the environment and public health is necessary. Among services such as: change of lubricating oil, coolants and hydraulic fluids, spare parts, overhaul of engines, fuel injection, suspension, brakes, engine tuning, alignment and balancing, among others, large amounts of solid waste are generated. Among this solid waste the main ones are: used parts, tires, tins, flannel, cotton waste, cardboard and packaging of lubricating oils and parts pieces (Nunes and Barbosa, 2012) .
According to Lacourt (2012) for the disposal of solid waste it is advisable a waste management logistics once it is necessary the waste to be placed in locations that ensure the preservation of the environment, or depending on the material a treatment such as recycling, incinerating or composting is needed. This treatment aims to reuse or destroy it in order not to harm the environment and the people's health.
In this context, this study analyzes the following problem: How is the management of steel parts leftover generated by the maintenance of heavy vehicles? Thus, the objective of the research was to analyze the waste management in a maintenance workshop for heavy vehicles.
Guided by a qualitative methodology of exploratory nature, the data analyzed correspond to a period of 18 months. As a result, it was observed an average of 1.4 tons of steel parts leftover per month that are sold to other companies using the material that would be disposed of in ordinary trash but were able to generate income and environmental gain in the chain; furthermore, about 2 million liters of water were not spent for production of new products as well as 20 tons of air were no longer polluted.
Theoretical Framework

Automotive Industry
The automotive industry has great relevance in the world economy. According to OICA (2016a), the sector employ about 9 million people directly in making the vehicles and the parts that go into them. This is over 5 percent of the world's total manufacturing employment. It is estimated that each direct auto job supports at least another 5 indirect jobs in the community, resulting in more than 50 million jobs owed to the auto industry. Brazil has a great potential and effective domestic market, competent industrial park, both vehicles and part systems, solid base of automotive engineering and structured dealer network with national coverage.
Brazil is among the largest vehicle producers in the world. In 2016 it was the ninth largest producer (OICA, 2016b). The country has 31 different manufacturers supplied by more than 620 auto parts companies. There are 65 manufacturing plants considering automobile manufacturers, automotive agricultural machinery, engines and components spread across eleven states and more than 50 municipalities. It is an industrial complex with an installed capacity to produce 4.5 million vehicles per year (ANFAVEA, 2016) .
With the potential automotive market, there is the concern with waste management and environmental problems. As Sebrae (2015), a small vehicle during their first year of life, generates on average 12 liters of used oil, five kilograms of waste as cotton waste, packaging, oil filter, fuel and air and inputs used in car checkups. Vigsø (2004) most of the wastes generated at dealerships do not have adequate final destination. In general, companies are concerned with environmental issues, but do not know what fate to give to these wastes. Disposing waste improperly results in several problems such as depletion of landfill, clogging elements of the urban drainage system and groundwater contamination, among others.
The CONAMA (National Environment Council) established by resolution 275 that all waste from the mechanic workshop activities, office and cafeteria should follow a color-coded for different types of waste, as well as the identification of collectors and transporters. It is a form of easy viewing of waste segregation at source, thus being able to enormously reduce the provision in landfill the materials which can be recycled.
For some waste disposal, such as lubricating oil from garages CONAMA 362/2005 says that external transport must be performed by licensed company for this purpose. Companies that make this transport must be registered with the Regulator Authority of Petroleum Industry and licensed by the competent environmental agency.
Recycling and Solid Waste Reuse
Since the Industrial Revolution large-scale production has made the volume and diversity of waste generated in urban areas increase. Humans are experiencing the era of disposability (Fehr, 2014) . Most products are used and then thrown away or incinerated, causing considerable damage to the environment. Currently, more stringent laws and growing consumer awareness are driving companies to think about their responsibility for their products after use (Veiga, 2013) .
Recycling is defined as returning waste materials to the processing line in order to reduce process costs and open up new possibilities (Braga Junior & Rizzo, 2010; Veiga, 2013) . According to Motta (2011) , the word recycling was introduced to the international vocabulary when it was found that the sources of oil and other nonrenewable raw materials were (and are) running out. To this author, recycling is a reverse channel revaluation, where materials discarded from post-consumer products are extracted industrially, turned into secondary raw materials, not directly taken from nature or recycled and are then incorporated into the manufacture of new products. Recycling saves energy, saves natural resources, and brings materials back to the productive cycle that were thrown out or discarded.
For Mano, Pacheco, and Bonelli (2005) , the potential benefits of recycling include: a) "Reduction in the consumption of non-renewable natural resources, when replaced by recycled waste; b) Reduction of consumption of the virgin material for production process; c) Reduction of pollution" (John, 2000) ; and d) "Reduction of areas required to landfill as waste is used again as consumer goods" (Pinto, 1999) .
The recycling and reuse of materials that would be discarded and the remains that arise over the activities of the grocery retail create a reverse flow (Braga Junior et al., 2009) . The reverse flow of goods that were not consumed becomes an important tool for the sustainability of organizations (Braga Junior & Rizzo, 2010) .
Authors such as Gonçalves (2003) and Mano et al. (2005) explained that reducing the generation of waste, and instead reusing, and recycling these materials, are parts of the clean production targets and cleaner production processes initially employed by the industry and today have been adopted by various business sectors.
To meet the demands imposed by the National Policy on Solid Waste -NPSW, Law No. 12,305 / 2010, increased investment in technology is needed in education and knowledge management. The NPSW sets standards requiring major market players to provide a suitable destination for solid waste that is generated in the manufacturing process and after consumption of various goods. Thus, one must have a means that enables the return of products and post-consumer packaging for the industry to adopt the processes and the most suitable procedures to recover waste components with the lowest environmental impact. In this sense, Dowlatshahi (2000) explained that reverse logistics can be a tool in waste management because it is a process in which the manufacturer receives the waste generated after the consumption of products and may thus recycle, remanufacture, or dispose of. Dias and Braga Junior (2015) explain that the National Policy for Solid Waste sets standards requiring major market players to provide a suitable destination for solid waste that is generated in the manufacturing process and after consumption of various goods. Thus, one must have an environmental management that enables the return of products and post-consumer packaging for the industry to adopt the processes and the most suitable procedures to recover waste components with the lowest environmental impact.
According to the ISO 14000 (2004), environmental management can be understood as a set of well-defined steps and procedures which, if applied correctly, can reduce and control the impact on the environment.
The NBR 10004 -Solid WasteClassification, revised in 2004, defines solid waste as:
"Residues in solid and semi-solid state that result from industrial and domestic origin, hospital, commerce, agriculture, service and sweeping. In this definition it is also included the sludge from water treatment systems, those generated in equipment and pollution control facilities as well as certain liquids whose characteristics make it impossible to be launched in the public sewage system or water bodies, or require for it technical solutions and economically unviable in the face to the best available technology."
The NBR 10004 divides waste into two classes, being: waste Class I -Hazardous waste and Class II -Non-hazardous (II A -Not inert and IIB -Inerts). Class I Waste -Hazardous have physical, chemical or infectious properties, which can cause risks to public health and the environment. Class II Wastes -Not Hazardous are divided into inert and non-inert.
The non-inert one's exhibit properties such as: biodegradability, combustibility or solubility in water. Inert ones are any waste that, being sampled in a representative way and subjected to dynamic and static contact with distilled or deionized water at room temperature, do not have any of its constituent solubilized at concentrations higher than the standards for water portability, except for appearance, color, turbidity, hardness and flavor.
According to the new law no. 12.305 of 2 August 2010, the preliminary provisions for solid waste, described in Chapter I of Title III, set in Art.9 the order of priority of solid waste management that are the not generation of solid waste, its reduction, reuse, recycling, treatment and environmentally final disposal.
The management plan is a tool that helps the company to achieve an improvement in the environmental aspect, facilitating its consistency in legal requirements. The RMP (Risk Management Plan) should ensure that all waste will be managed properly and safely, from generation to final disposal. The correct handling and packaging of waste will enable the maximization of opportunities to reuse and recycling (Lopes and Kemerich, 2007) .
Develop and implement a waste management plan is essential for any company that wants to maximize opportunities and reduce costs and risks associated with solid waste management (Paes et al, 2014; Maroun, 2006) .
According to Liu et al (2010) , to proper management of solid waste take place is necessary the correct segregation, conditioning, temporary storage, external transport, treatment or final disposal of waste generated by each project. Thus, Recycling and reuse saves energy and natural resources, bringing materials that were thrown out or discarded back to the productive cycle (Brogaard and Christensen, 2012; Dias and Braga Junior, 2015) .
Taking into account the environmental issues that are involved in the automotive sector, specifically in the maintenance sector of heavy vehicles, which generate different types of solid waste and effluents, it is necessary to define practices that reduce the generation of solid waste, separating it at the source, properly disposing the waste as well as reducing its generation and its treatment before being released into the sewage system (Paulino, 2009).
Motor vehicle maintenance companies consume large volumes of water for cleaning of employees, floor and parts. The effluents generated in these enterprises have potentially polluting characteristics due to the presence of used lubricating oil, grease and solvents (Paulino, 2009).
Method
As the aim of the research was to analyze the waste management in a maintenance workshop for heavy vehicles, the research was carried out along with a workshop for maintenance of heavy vehicles which provides services for major plants in the sugar and alcohol sector in the State of São Paulo /Brazil.
The exploratory and qualitative character of research sought to quantify the volume of waste that cease to be discarded in the environment in a workshop of heavy vehicles. As the automotive industry has a high profile of the types and volumes of waste it generates, as a matter of access and availability of the company in participating in the research making available its data so that the analysis could be performed, it was possible to measure the amount and the main wastes generated in the process.
To analyze the environmental benefits generated by the waste management, the Wuppertal Institute developed an analysis method for environmental benefits that can assess the environmental changes associated with resource extraction from the natural ecosystems based on the life cycle of products (Ritthoff, Rohn & Liedtke, 2002) .
This method uses the calculation of Material Input Per Service unit (MIPS), in short it means input material per unit of service. Its function is to estimate the environmental impact caused by the production of a product or service, and indicate the amount of resources used for this product or service. This calculation can be done at the organizational, regional, national and global level (Ritthoff, Rohn & Liedtke, 2002) .
Indirectly MIPS calculation says that all material input becomes an output: waste or emissions. If each input becomes an output, it follows that through the measurement of the inlet it is possible to estimate the potential environmental impact. By measuring the inputs, we cannot come to an impact assessment (qualitative), but a valuable indicator (quantitative) of the potential environmental impact on the environment of a product or service (Ritthoff, Rohn & Liedtke, 2002) . Note. Adapted from "Calculating MIPS: Resource productivity of products and services", by Ritthoff, Rohn, & Liedtke (2002) In the case of this research the MIPS calculation was used to measure the environmental benefits of management for steel pieces' leftover generated in the maintenance of heavy vehicles. For the calculation a period of 18 months (October 2013 to March 2015) was considered and, based on the conversion table (Table 1 ) data relating to steel sent for recycling were measured as the compartments analyzed by the method.
Results
The company subject of study has been on the market for about 60 years in the automotive industry, specifically in the maintenance of heavy vehicles and has a diversification of products and services that are showing in Table 2 . The studied company receives distinction for its main services both in its regional and nationwide scope, serving almost all the sugarcane mills of Alta Paulista region, providing maintenance service on their trucks. It is also nationwide remarkable in services of axle installation, chassis stretching and wheelbase. In this segment the company receives clients from all over Brazil.
Whereas the company has a significant number of products and services, it is observed that in this regard the services and products offered generate wastes during the transformation process. In this context, one of the main services of the company is the installation process of the 2nd and 3rd axles and maintenance of truck suspension, which are presented in Figure 1 .
As shown in Figure 1 , the processes generate waste from leftover material of the services performed in the company under study, a selection of waste is carried to its destination; scrap metal, in the case of the company the remains of steel parts, are intended to wholesale and retail.
The wholesaling is made to companies working in the scrap metal marketing and retailing sector is made for metalwork companies that look for the company in order to buy the material. The volumes of steel scraps generated during the period of analysis are presented in Table 3 . In this table the data are consolidated into two periods totaling 18 months, once the studied company uses a strategy of waiting to have a significant amount of pieces of steel scraps in order to have a greater bargaining power at the time of sale. This volume corresponds in the first period to an amount of 12,800 kg and in the second period an amount of 13,500 kg. This data will be showing in the Table 3 .
After the MIPS calculations it was possible to measure the economic and environmental benefits of managing leftover of steel pieces generated by the maintenance of heavy vehicles made by the company studied. The following table presents the environmental gains made by this administration. As shown in Table 4 , considering the analyzed period 245 tons of abiotic materials were generated and no more than 2,000 tons of water have been used for the production of this new material, and more than 20 tons of air was no longer polluted. Accordingly, when the values are distributed per month (considering the 18-month period analysis) reducing abiotic material generated is more than 13 tones, and more than 119 tons of water not used for the production of a new product and over 1 ton of air is no longer polluted. Considering the data in Table 5 , the economic gains made in the period of analysis may not pose a significant amount for such a period once it was obtained R$ 13,185.00 with a monthly average value of R$ 732.50. But this gain is the company's opportunity not to miss it economically and apply the reverse logistics of the analyzed residue (steel) to generate value on what would be considered disposal. With this result, the company has invested in activities for the development of the business and the people who work in it. 
Conclusion
With the occurrence of environmental accidents and their impacts on the environment, the companies have been considered responsible and shouldered with financial losses caused by them, once besides the negative image generated from the occurring, it is remarkable that these episodes unleash reactions to develop and implement environmental management, aiming at reducing the risk of incidents and accidents without reducing their competitiveness.
In this context, laws were created for a correct management of waste which, besides avoiding environmental risks, can be analyzed with an economic view, as if performed a planning and an efficient implementation can achieve financial gains that can be invested in the development of business or persons involved in such business.
As for the provided environmental benefits, the implementation of waste management can be performed at the organizational, regional, national and global levels, once recycling the material it is possible to reduce the environmental impact avoiding the production of new products and thus reducing the generation of abiotic materials, water and air pollution.
In the present study it was possible to demonstrate that the management of steel parts leftover made by the company studied had significant environmental and economic benefits, once more than cooperating with the environment, reducing polluting effect and negative impact, the company can obtain financial gains that can be invested in the development of your business and the people who work in it.
It is noteworthy that as a consequence of the strategy adopted for the management of scraps of steel parts the company is able to quantify its environmental records in addition to winning in bargaining power when selling these materials.
A limitation presented by this study lies in the fact of the Wuppertal Institute to explain that conversion data of biotic and abiotic materials, water and air are very close to real and that there is no way to show accuracy, but it is an appropriate way to quantify the environmental advantages being very important for the scientific context.
Finally, a contribution of this study is the knowledge of how the solid waste generated in the heavy automotive sector can be treated using the concept of reverse logistics demonstrating that this can be an alternative to direct economic gains and environmental benefits for society in search for sustainability. 
